ABSTRACT. The association between the microsomal epoxide hydrolase 1 gene (EPHX1) Tyr113His polymorphism and lung cancer and breast cancer risk has been reported in many recent studies, but there is no consensus among the results. Thus, we examined the association between the EPHX1 Tyr113His polymorphism and lung cancer through a meta-analysis. A comprehensive literature search was performed using the Pubmed and Embase databases. Odds ratios with 95% confidence intervals were used to assess the strength of associations. Our meta-analysis suggested that the Tyr113His polymorphism was associated with lung cancer risk in Asians under 3 genetic models, including a C vs T, CC vs TT, and recessive model. However, the risk was decreased in Caucasians under the genetic models, including a C vs T, CC vs TT, or CT vs TT, dominant, and recessive model. In contrast, there was no association with breast cancer risk for any of the genetic models. Our meta-analysis suggested that the EPHX1 Tyr113His polymorphism may be a risk factor for lung cancer in Asians, whereas it may be a decreased risk factor among Caucasians. However, this polymorphism was not found to be associated with breast cancer.
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INTRODUCTION
Among human cancers, lung cancer, with a 5-year survival rate less than 14% for males and less than 18% for females in most countries (Youlden et al., 2008) , is regarded as one of the most common lethal malignancies worldwide. Breast cancer is the most common cancer and the leading cause of death among females, accounting for 23% of total cancer in females and 14% of cancer deaths (Jemal et al., 2011) . It is well-known that cigarette smoking contributes to an increased risk of lung cancer. In addition, other environmental carcinogens, such as asbestos, arsenic, radon, and polycyclic aromatic hydrocarbons (PAH), may also be considered risk factors for lung cancer and breast cancer (Sangrajrang et al., 2009; Jemal et al., 2011) . However, not all exposed individuals develop lung and breast cancers, suggesting that genetic factors play a role in these conditions. Microsomal epoxide hydrolase (mEH) is an important metabolic biotransformation enzyme that catalyzes epoxidation intermediate hydrolysis to trans-dihydrodiols, which can be conjugated and excreted from the body. In certain conditions, trans-dihydrodiols generated from chemical carcinogens, such as PAHs, are highly toxic and mutagenic. Thus, mEH has a dual effect in the detoxification and activation of procarcinogens, and its role in carcinogenesis may depend on exposure to different environmental substrates (Zhang et al., 2003) . The tyrosine to histidine (T→C) replacement in exon 3 (Tyr113His) of the EPHX1enzyme decreased activity by approximately 50% (Hassett et al., 1994) , suggesting that mutations in this gene may lead to cancer.
The EPHX1 gene, which is located on chromosome 1q42.1, has several known variations. These polymorphisms may be associated with prostate cancer, colorectal cancer, and bladder cancer (Mittal and Srivastava, 2007; Liu et al., 2012; Zhang et al., 2012) . Previous studies have suggested that the EPHX1 Tyr113His polymorphisms associated with the risk for lung cancer and breast cancer. However, the results were unclear. Thus, we performed a meta-analysis to investigate the association between the EPHX1 Tyr113His polymorphism and susceptibility to lung cancer and breast cancer.
MATERIAL AND METHODS

Search strategy and selection criteria
All case-control studies were systematically researched from the Pubmed and Embase databases for all medical publications until February 2013 with the following terms: microsomal epoxide hydrolase 1, mEH, EPHX1, EPOX, HYL1, Tyr113His, exon 3, codon113, T113C, rs1051740, polymorphism, variant, and "lung" combined with "carcinoma", "cancer", or "breast", "mammary" combined with "cancer", and "carcinoma". All human studies included in our meta-analysis met the following criteria: full-text articles, case-control design, evaluated the association between the EPHX1 Tyr113His polymorphism and lung cancer or breast cancer risk, odds ratio (OR) with 95% confidence interval (95%CI) with sufficient data for estimating, genotype associations, and the dis-Genetics and Molecular Research 13 (3): 7437-7446 (2014) EPHX1 polymorphisms lung and breast cancer tribution of genotypes complied with Hardy-Weinberg equilibrium (HWE) in controls.
Data extraction
As inclusion criteria, all eligible studies were carefully identified by 2 investigators (X. Tan and Y.Y. Wang) independently. In case of disagreement, a third investigator (M.W. Chen) evaluated the data. Data items included: first author's name, year of publication, country, ethnicity, genotyping method, source of controls, and different genotype numbers in all studies.
Statistical analysis
The pooled risk (OR) and 95%CI were used to assess the strength of the association between the EPHX1 Tyr113His polymorphism and lung cancer or breast cancer for each study. To avoid assuming only one "incorrect" genetic model, there were at least 3 possible genotypes to examine in our meta-analysis. We estimated the OR for the co-dominant model (CC vs TT, CT vs TT), dominant model (CC+CT vs TT), and recessive model (CC vs CT+TT), respectively.
Between-study heterogeneity was assessed by using the chi-square statistic based on the Q statistical test and its associated P value (Higgins et al., 2003) . A P value > 0.1 or I 2 < 25% indicated no heterogeneity, which was estimated by the fixed effects model with MantelHaenszel's method for the overall gene effect (Mantel and Haenszel, 1959) . When P < 0.1 or I 2 > 50%, the heterogeneity was considered to be significant, and the random effects model with the DerSimonian-Laird method was performed (Lau et al., 1997) . Sensitivity analysis was conducted to exclude 1 study at a time. HWE was determined by using the Pearson statistic (P > 0.05) for each study (Bosco et al., 2012) . Potential publication bias was estimated by Begg's test and Egger's test (P < 0.05 was considered to be statistically significant) (Peters et al., 2006) . Owing to geographical and ethnic differences, to evaluate the effects of covariance, subgroup analyses were performed. Ethnic subgroups were divided into Caucasian and Asian. Our analysis was performed using the Stata software version 11.1 (StataCorp; College Station, TX, USA). All P values were 2-sided, with values less than 0.05 considered to be statistically significant.
RESULTS
Characteristics of relevant studies
Using our search strategy and inclusion criteria, 9 studies were excluded because they deviated from HWE. A total of 14 studies (Benhamou et al., 1998; Persson et al., 1999; London et al., 2000; To-Figueras et al., 2001; Wu et al., 2001; Yin et al., 2001; Cajas-Salazar et al., 2003; Gsur et al., 2003; Harms et al., 2004; Liang et al., 2004; Voho et al., 2006; Timofeeva et al., 2010; Ihsan et al., 2011; Tilak et al., 2011 ) that included full-text articles and complied with HWE demonstrated an association between the EPHX1 Tyr113His polymorphism and lung cancer (Table 1) . Among the studies included, 2 included 2 ethnicity types (London et al., 2000; Wu et al., 2001) , and the data was collected separately and served as independent studies in our meta-analyses. A total of 16 studies, including 2399 cases and 5623 controls, examined the EPHX1 Tyr113His polymorphism (Table 1) . In order to evaluate the effects of covariance, subgroup analyses were performed. Because smoking status and histopathology data were insufficient, we performed subgroup analyses by ethnicity.
There were 5 studies involving Asians (Persson et al., 1999; Yin et al., 2001; Liang et al., 2004; Ihsan et al., 2011; Tilak et al., 2011) , 7 studies on Caucasians (Benhamou et al., 1998; London et al., 2000; To-Figueras et al., 2001; Gsur et al., 2003; Harms et al., 2004; Voho et al., 2006; Timofeeva et al., 2010) , and 3 studies on African subjects (London et al., 2000; Wu et al., 2001; Cajas-Salazar et al., 2003) . For breast cancer, 1study was excluded because there was not sufficient genotype data (de Assis et al., 2002) , and therefore 5 studies (Sarmanová et al., 2004; Spurdle et al., 2007; Khedhaier et al., 2008; Justenhoven et al., 2008; Sangrajrang et al., 2009 ) including a total of 2943 cases and 2314 controls that examined the association between the EPHX1 Tyr113His polymorphism and breast cancer were included into our meta-analysis (Table 2 ). In the subgroup analyses by ethnicity, there were 4 studies on Caucasians (Sarmanová et al., 2004; Spurdle et al., 2007; Khedhaier et al., 2008; Justenhoven et al., 2008) , whereas there was 1 study on Asians (Sangrajrang et al., 2009 Table 1 . Studies summary of EPHX1 Tyr113His polymorphism with lung cancer.
P a for Hardy-Weinberg equilibrium in control group; HB = hospital-based; PB = population-based; PCR = polymerase chain reaction; PCR-RFLP = polymerase chain reaction restriction fragment length polymorphism; MALDI-TOFMS = matrix-assisted laser desorption/ionization time-of-flight mass spectrometry.
Meta-analysis results
The main results of the meta-analysis regarding the association between the EPHX1 Tyr113His polymorphism and breast cancer risk are shown in Table 3 . Results for lung cancer are shown in Table  4 . When all studies were pooled, we performed analyses using fixed-effects models if the Q-test for heterogeneity was not considered to be significant; otherwise, we used random-effects models. Our meta-analysis showed no evidence for an association between the EPHX1 Tyr113His polymorphism and lung cancer risk in overall studies (Table 4) . To determine covariance effects, ethnicity was examined in subgroup analyses. We detected no significant genetic models for African and mixed race populations (Table 4) . Interestingly, significant evidence was found for Asians, showing that the low-activity allele (C) of EPHX1 Tyr113His was associated with an increased risk of lung cancer (C vs T, OR = 1.159, 95%CI = 1.006-1.335, P = 0.042). In addition, 2 other genetic models revealed a risk relationship with lung cancer in Asians (CC vs TT, OR = 1.391, 95%CI = 1.046-1.850, P = 0.023; CC vs CT+TT, OR = 1.421, 95%CI = 1.103-1.829, P = 0.006) (Figure 1, Table 4 ). However, we obtained opposite results showing that the EPHX1 Tyr113His polymorphism may be a decreased risk factor in Caucasians for all genetic models examined ( Figure 2 , Table 4 ). Table 3 ). Similarly, there was no association for the risk of breast cancer in Caucasians and Asians (Table 3) .
Sensitive analysis and test for publication bias
Sensitivity analysis was performed in our meta-analysis. Upon omitting studies one at a time, the results of reanalyses for the EPHX1 Tyr113His polymorphism and lung cancer and breast cancer became stable, indicating that our meta-analysis results were reliable and robust (data not shown). Estimation of publication bias was determined using the Begg and Egger tests. For all studies, the Egger test indicated no evidence of publication bias for lung cancer (CC vs TT Egger's test, P = 0.691; CT vs TT Egger's test, P = 0.734; recessive model, Egger's test, P = 0.579; dominant model, Egger's test, P = 0.975) or for breast cancer (CC vs TT Egger's test, P = 0.065; CT vs TT Egger's test, P = 0.263; recessive model, Egger's test, P = 0.090; dominant model, Egger's test, P = 0.369) (Begg's data not shown).
DISCUSSION
EPHX1 is a crucial enzyme in xenobiotic metabolism, which plays an important role in both the activation and detoxification of PAHs and aromatic amines (Liu et al., 2012) . The EPHX1 Tyr113His mutation may modify the susceptibility to lung and breast cancers.
The overall OR for the pooled studies revealed no statistically significant association between the Tyr113His polymorphism and lung cancer. Stratified analyses were performed by ethnicity, and no significant association with lung cancer was found for the EPHX1 Tyr113His polymorphism in Africans and mixed ethnicity subjects. However, our meta-analysis indicated that the Tyr113His polymorphism increases the risk of lung cancer in Asians, but decreases the risk in Caucasians. A recent meta-analysis showed similar results (Wang et al., 2013) , although some studies were excluded because they deviated from HWE. Lee et al. (2002) suggested a decreased risk for lung cancer with the exon 3 His/His genotype, which was partially consistent with our results. However, the results remain controversial and inconclusive. This may be due to gene-gene interactions that show significant differences for various ethnicities. Furthermore, gene-environment interactions may play an important role in the susceptibility to lung cancer. PAH and tobacco-specific nitrosamines or other substrates have been suggested to be associ- ated with the genotype His113His. An imbalance in carcinogen metabolism may increase the susceptibility to lung cancer (Tilak et al., 2011) . In contrast, low activity of the His113 allele because of conversion is decreased, decreasing lung cancer susceptibility (Voho et al., 2006) .
For breast cancer, this is the first systematic review to investigate the association between the EPHX1 Tyr113His polymorphism and breast cancer. No significant association was observed between these factors under any of the genetic models examined. de Assis et al. (2002) first reported that there was no significant association between the EPHX1 Tyr113His polymorphism and breast cancer with menopausal or smoking status. Spurdle et al. (2007) suggested that there was a decreased risk associated with the EPHX1 CC genotype. However, Khedhaier et al. (2008) showed that the EPHX1 Tyr113His homozygous mutant genotype was significantly associated with breast cancer, particularly in premenopausal patients. This may have been due to low sample size or some other potentially confounding factors such as smoking status, menopausal status, occupation, or lifestyle. Overall, the carcinogenic mechanism is not completely clear.
The Begg and Egger tests did not reveal any publication bias in this meta-analysis, indicating that our meta-analysis conclusions are credible. Heterogeneity significantly affects the results of meta-analysis, and therefore exploring the source of heterogeneity is very important. When we performed stratified analyses by ethnicity, heterogeneity was clearly decreased. This may be an important source of heterogeneity.
Several limitations should be noted for our meta-analysis. First, our results were based on unadjusted estimates, and a well-designed study should be adjusted by age, smoking status, occupation, and lifestyle, among other factors. Insufficient information can cause serious confounding bias. Second, the sample size in our study was very small, and therefore the results should be interpreted with caution. Future studies involving larger samples are recommended to clarify the association. Third, different genotyping methods, such as matrix-assisted laser desorption ionization-time-of-flight mass spectrometry and polymerase chain reaction-restriction fragment length polymorphism, may affect the results. Finally, we did not conduct further studies regarding gene-gene and gene-environment interactions, which may play an important role in lung cancer and breast cancer susceptibility.
In conclusion, this meta-analysis indicated that the EPHX1 Tyr113His polymorphism is associated with an increased risk of lung cancer in Asians, whereas it is associated with a decreased risk in Caucasians. In addition, we found no evidence for an association between the EPHX1 Tyr113His polymorphism and breast cancer risk. Because our data is limited, a larger sample size should be examined using case-control studies for further confirmation.
